






















Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 17, 2017
Early Warning And On-Line Mapping For Flood Events
Mioc, Darka; Nickerson, Brad; Anton, François; MacGillivray, Ernest; Morton, Andrew; Fraser, David;
Tang, Patrick; Kam, Aloysius
Published in:




Early version, also known as pre-print
Link back to DTU Orbit
Citation (APA):
Mioc, D., Nickerson, B., Anton, F., MacGillivray, E., Morton, A., Fraser, D., ... Kam, A. (2010). Early Warning And
On-Line Mapping For Flood Events. In P. Imperatore, & D. Riccio (Eds.), Geoscience and Remote Sensing, New



























38&&;0! (/.! '&@@&1! 1(5A/(8! ;%0(05./0! 5B/&A>B&A5! 5B.! C&/8;#! 6('B! :.(/! 5B.:! '(A0.!
'&10%;./(28.!;(@(>.!5&!D.&D8.E0!8%9.0!(1;!D/&D./5%.0#!F1!5B.!0D/%1>!&*!GHIJ)!5B.!8&C./!K(%15!
























"#$$%! &$'()*+,-./! 0*+! 1((.! 2'$3(.! ,$! '(%4)(! ,0(! 2'$2(',5! %*6*/(! *.%! ,0(! #$++! $&! #-3(+!




'(+(*')0! *%3*.)(+! *.%! *! .(@! $.F#-.(! *3*-#*1#(! 2'$,$,52(! ,0*,! )$61-.(%! 05%'$#$/-)*#!
6$%(#-./!@-,0!D.,('.(,!,()0.$#$/59!
!
I$@(3(':! -.! ,0-+! '(+(*')0!@(!%-%.J,! ,'5! ,$! )4+,$6-K(!*.5!$&! ,0(!(H-+,-./! &#$$%! &$'()*+,-./!
6$%(#+!%(+)'-1(%!-.!,0(!#-,('*,4'(!*+!-,!-+!2'$3(.!,$!1(!3('5!%-&&-)4#,!*.%!3('5!+2()-&-)!,$!,0(!
%-&&('(.,!6$%(#-./!,$$#+!,0*,!*'(!4+(%!7E#F8*10*.!(,!*#9:!;<<G>9!D.+,(*%:!@(!-62#(6(.,(%!,0(!
*4,$6*,-K*,-$.! $&! +2()-&-)! (H-+,-./! 2'$)(++(+:! @$'L&#$@+! *.%! 6$%(#-./! ,$$#+! &$'! &#$$%!
&$'()*+,-./!*.%!6$.-,$'-./!-.!,0(!M(@!N'4.+@-)L!O(2*',6(.,!$&!P.3-'$.6(.,9!!
!
?0(! 8*-.,! Q$0.! R-3('! "$'()*+,! 85+,(6! $2('*,(%! 15! ,0(! O(2*',6(.,! $&! P.3-'$.6(.,!
I5%'$#$/5!S(.,'(!-+!6$.-,$'-./!*.%!2'(%-),-./!&#$$%!(3(.,+!*#$./!,0(!8*-.,!Q$0.!R-3('9!?0(!




I$@(3(':! ,0(! 2'(%-),(%! @*,('! #(3(#+! 2'$3-%(%! 15! ,0-+! +5+,(6! )*..$,! +*,-+&5! ,0(!
'(W4-'(6(.,+!$&! ,0(!%()-+-$.! +422$',! +5+,(6!&$'! &#$$%!(3(.,+9!?0(! +5+,(6!.(-,0('!%-'(),#5!
%-+2#*5+!,0(!*'(*+!*&&(),(%!15!&#$$%-./:!.$'!+0$@+!,0(!%-&&('(.)(!1(,@((.!,@$!&#$$%!(3(.,+9!
N*+(%!$.!,0(!@*,('!#(3(#+:!-,!-+!0*'%!&$'!4+('+!,$!%-'(),#5!%(,('6-.(!@0-)0!0$4+(+:!'$*%+:!*.%!
+,'4),4'(+! @-##! 1(! *&&(),(%! 15! ,0(! 2'(%-),(%! &#$$%-./9! ?$! %(*#! @-,0! ,0-+! 2'$1#(6:! -,! -+!
.()(++*'5!,$!3-+4*#-K(!,0(!$4,24,!&'$6!05%'$#$/-)*#!6$%(#-./!-.!*!C($/'*20-)!D.&$'6*,-$.!
85+,(6! 7CD8>9! CD8+! 0*3(! 2$@('&4#! ,$$#+! ,0*,! *##$@! ,0(! 2'(%-),(%! &#$$%! (#(3*,-$.+! ,$! 1(!
%-+2#*5(%! *+! *! 6*2! +0$@-./! ,0(! (H,(.,! $&! ,0(! -.4.%*,-$.9! E&,('! ,0(! -.,('&*)(+! &$'! ,0(!






&$'! %*,*! -.,(/'*,-$.:! &#$$%2#*-.! %(#-.(*,-$.:! *.%! $.#-.(! 6*2! -.,('&*)(+9! ?0-+! 2*2('! -+!
$'/*.-K(%!*+!&$##$@+X!-.!8(),-$.!;:!@(!1'-(&#5!%(+)'-1(!,0(!8*-.,!Q$0.!R-3('!&#$$%2#*-.!*.%!-.!
8(),-$.!G:!@(!2'(+(.,!05%'$#$/-)*#!6$%(##-./!&$'!&#$$%!&$'()*+,-./9!D.!+(),-$.!T:!@(!2'(+(.,!






























"#$$%! &$'()*+,-./! 0*+! 1((.! 2'$3(.! ,$! '(%4)(! ,0(! 2'$2(',5! %*6*/(! *.%! ,0(! #$++! $&! #-3(+!




'(+(*')0! *%3*.)(+! *.%! *! .(@! $.F#-.(! *3*-#*1#(! 2'$,$,52(! ,0*,! )$61-.(%! 05%'$#$/-)*#!
6$%(#-./!@-,0!D.,('.(,!,()0.$#$/59!
!
I$@(3(':! -.! ,0-+! '(+(*')0!@(!%-%.J,! ,'5! ,$! )4+,$6-K(!*.5!$&! ,0(!(H-+,-./! &#$$%! &$'()*+,-./!
6$%(#+!%(+)'-1(%!-.!,0(!#-,('*,4'(!*+!-,!-+!2'$3(.!,$!1(!3('5!%-&&-)4#,!*.%!3('5!+2()-&-)!,$!,0(!
%-&&('(.,!6$%(#-./!,$$#+!,0*,!*'(!4+(%!7E#F8*10*.!(,!*#9:!;<<G>9!D.+,(*%:!@(!-62#(6(.,(%!,0(!
*4,$6*,-K*,-$.! $&! +2()-&-)! (H-+,-./! 2'$)(++(+:! @$'L&#$@+! *.%! 6$%(#-./! ,$$#+! &$'! &#$$%!
&$'()*+,-./!*.%!6$.-,$'-./!-.!,0(!M(@!N'4.+@-)L!O(2*',6(.,!$&!P.3-'$.6(.,9!!
!
?0(! 8*-.,! Q$0.! R-3('! "$'()*+,! 85+,(6! $2('*,(%! 15! ,0(! O(2*',6(.,! $&! P.3-'$.6(.,!
I5%'$#$/5!S(.,'(!-+!6$.-,$'-./!*.%!2'(%-),-./!&#$$%!(3(.,+!*#$./!,0(!8*-.,!Q$0.!R-3('9!?0(!




I$@(3(':! ,0(! 2'(%-),(%! @*,('! #(3(#+! 2'$3-%(%! 15! ,0-+! +5+,(6! )*..$,! +*,-+&5! ,0(!
'(W4-'(6(.,+!$&! ,0(!%()-+-$.! +422$',! +5+,(6!&$'! &#$$%!(3(.,+9!?0(! +5+,(6!.(-,0('!%-'(),#5!
%-+2#*5+!,0(!*'(*+!*&&(),(%!15!&#$$%-./:!.$'!+0$@+!,0(!%-&&('(.)(!1(,@((.!,@$!&#$$%!(3(.,+9!
N*+(%!$.!,0(!@*,('!#(3(#+:!-,!-+!0*'%!&$'!4+('+!,$!%-'(),#5!%(,('6-.(!@0-)0!0$4+(+:!'$*%+:!*.%!
+,'4),4'(+! @-##! 1(! *&&(),(%! 15! ,0(! 2'(%-),(%! &#$$%-./9! ?$! %(*#! @-,0! ,0-+! 2'$1#(6:! -,! -+!
.()(++*'5!,$!3-+4*#-K(!,0(!$4,24,!&'$6!05%'$#$/-)*#!6$%(#-./!-.!*!C($/'*20-)!D.&$'6*,-$.!
85+,(6! 7CD8>9! CD8+! 0*3(! 2$@('&4#! ,$$#+! ,0*,! *##$@! ,0(! 2'(%-),(%! &#$$%! (#(3*,-$.+! ,$! 1(!
%-+2#*5(%! *+! *! 6*2! +0$@-./! ,0(! (H,(.,! $&! ,0(! -.4.%*,-$.9! E&,('! ,0(! -.,('&*)(+! &$'! ,0(!






&$'! %*,*! -.,(/'*,-$.:! &#$$%2#*-.! %(#-.(*,-$.:! *.%! $.#-.(! 6*2! -.,('&*)(+9! ?0-+! 2*2('! -+!
$'/*.-K(%!*+!&$##$@+X!-.!8(),-$.!;:!@(!1'-(&#5!%(+)'-1(!,0(!8*-.,!Q$0.!R-3('!&#$$%2#*-.!*.%!-.!
8(),-$.!G:!@(!2'(+(.,!05%'$#$/-)*#!6$%(##-./!&$'!&#$$%!&$'()*+,-./9!D.!+(),-$.!T:!@(!2'(+(.,!








@(+,('.!M(@! N'4.+@-)L9! D,+! S*.*%-*.! 2$',-$.! (H,(.%+! &'$6! *! 2$-.,! $.! ,0(! -.,('.*,-$.*#!
@04?:)0(:0&"(,&E0D460&F0(?)(*I
!
"#$%&'()!*+,-! ,-.! /,',.! #0!1'+%.! +%!2%+,.&! /,',.3! ,#! ,-.! 4')! #0! 5$%&)6! 7,! &('+%3! '! ,#,'8!
*',.(3-.&! '(.'! #0! 9:6;<<! =>?6! @-.! (+A.(! +3! '"#$,! B<<! =>! 8#%CD! '%&! ,-.! ,#,'8! 0'88! 0(#>! +,3!



















4($%3*+E=! [.H'(,>.%,! #0! W%A+(#%>.%,! +%! E#Y#H.(',+#%! 0(#>! +%,.(H(#A+%E+'8! '%&!
+%,.(%',+#%'8! 'C.%E+.36! 4#,-! -)&(#8#C+E! '%&! -)&('$8+E! >#&.83! '(.! $,+8+\.&! +%! #(&.(! ,#!
0#(.E'3,!*',.(!8.A.83!+%!,-.!8#*.(!/'+%,!F#-%!V+A.(6!@-.!"'3+E!E#>H#%.%,!#0!,-.!3)3,.>!+3!,-.!
26/6! Q(>)! T#(H3! #0! W%C+%..(3]! /,(.'>08#*! /)%,-.3+3! '%&! V.3.(A#+(! V.C$8',+#%! J//QVVK!











"#$%&'()!*+,-! ,-.! /,',.! #0!1'+%.! +%!2%+,.&! /,',.3! ,#! ,-.! 4')! #0! 5$%&)6! 7,! &('+%3! '! ,#,'8!
*',.(3-.&! '(.'! #0! 9:6;<<! =>?6! @-.! (+A.(! +3! '"#$,! B<<! =>! 8#%CD! '%&! ,-.! ,#,'8! 0'88! 0(#>! +,3!



















4($%3*+E=! [.H'(,>.%,! #0! W%A+(#%>.%,! +%! E#Y#H.(',+#%! 0(#>! +%,.(H(#A+%E+'8! '%&!
+%,.(%',+#%'8! 'C.%E+.36! 4#,-! -)&(#8#C+E! '%&! -)&('$8+E! >#&.83! '(.! $,+8+\.&! +%! #(&.(! ,#!
0#(.E'3,!*',.(!8.A.83!+%!,-.!8#*.(!/'+%,!F#-%!V+A.(6!@-.!"'3+E!E#>H#%.%,!#0!,-.!3)3,.>!+3!,-.!
26/6! Q(>)! T#(H3! #0! W%C+%..(3]! /,(.'>08#*! /)%,-.3+3! '%&! V.3.(A#+(! V.C$8',+#%! J//QVVK!











"#$!%&'()*)+&! ,$-.($!/)-0.)(1! .#$!23.$(! *$4$*15! 1.($3/! 6*)21! 3-'! 7*0/3.$!20.#! 83(.-$(!
3+$-70$15!3-'!7))('0-3.$1!3!7)9)8$(3.04$!1-)2!1:(4$&!20.#!($8)(.1!6)(!.#$!$-.0($!;30-.!<)#-!
=04$(!>310-?! "#$($! 3($! -$.2)(@1! )6! AB! 1.($3/96*)2!+3:+$15! CD!23.$(! *$4$*! +3:+$15! 3-'! EF!
7*0/3.$! 1.3.0)-1! .#():+#):.! .#$! ;30-.! <)#-! =04$(! >310-! G1$$! H0+:($! BI?! "#$! '3.3! 3($!




,)/83(01)-1!)6!8($'07.$'!3-'!37.:3*!23.$(! *$4$*!)K1$(43.0)-1!)4$(! .#$! *31.! CL!&$3(1!#34$!
1#)2-!.#3.!.#$1$!6)($731.$'!(04$(!23.$(!*$4$*1!#34$!3!MBN!7)-60'$-7$!*$4$*!)6!L5A!/?!"#:15!
.#$! #&'()*)+073*! /)'$**0-+! #31! 4$(&! +))'! 6*))'! 8($'07.0)-! 7383K0*0.0$1! GH($3'5! CMMFI?!
%)2$4$(5! .#$! 23.$(! *$4$*1! 8($'07.$'! K&! .#$! #&'()*)+073*! /)'$*! 73--).! 13.016&! .#$!
($O:0($/$-.1!)6!.#$!'$7010)-!1:88)(.!1&1.$/!6)(!6*))'!$4$-.1?!P-'$$'5!0.!01!#3('!6)(!:1$(1!.)!
'0($7.*&! '$.$(/0-$!2#07#! #):1$15! ()3'15! 3-'! 1.(:7.:($1!20**! K$! 366$7.$'! K&! .#$! 8($'07.$'!
6*))'0-+5! K$73:1$! .#$!/)'$*! -$0.#$(! '0($7.*&! '018*3&1! .#$! 3($31! 366$7.$'! K&! 6*))'0-+5! -)(!
1#)21! .#$! '066$($-7$! K$.2$$-! .2)! 6*))'! $4$-.1?! P-! )('$(! .)! )4$(7)/$! .#01! 8()K*$/5! 0.! 01!
-$7$113(&!.)! 0-.$(637$! .#$!#&'()*)+073*!/)'$**0-+!1)6.23($!20.#!3!Q$)+(38#07! P-6)(/3.0)-!
;&1.$/!GQP;I?!!
!
P-! .#$! 831.! '$73'$15! $-+0-$$(1! #34$! '$4$*)8$'!/3-&!/$.#)'1! 6)(! '$*0-$3.0-+! 6*))'8*30-!
K):-'3(0$1?! R)1.! )6! .#$1$! /$.#)'1! 3($! /3-:3*5! .$'0):15! 3-'! *3K):(90-.$-104$?! S0.#! .#$!
3'4$-.! )6! ()K:1.! 7)/8:.$(! .))*1! GQP;I! 3-'! #0+#! 377:(37&! T0+0.3*! "$((30-! R)'$*! GT"RI5!
3:.)/3.$'!6*))'8*30-!'$*0-$3.0)-!01!37#0$43K*$?!=$7$-.*&5!1$4$(3*!/3-3+$/$-.!1&1.$/1!6)(!
6*))'8*30-! '$*0-$3.0)-! #34$! K$$-! '$4$*)8$'! 3-'! 388*0$'! 0-! .#$! 6*))'! (01@! 3($31?! "#$1$!
0-7*:'$! 6*))'8*30-! '$*0-$3.0)-! :10-+! 23.$(1#$'! R)'$*0-+! ;&1.$/! GSR;I! GUR=V5! CMMWI5!
X(7YP-6)!RPZUCC[QP;!GT%P5!ALLEI5!3-'!%U,9Q$)=X;!GX7@$(/3-5!ALLBI?!P-!.#01!8()\$7.5!2$!
:1$'! 3**! )6! .#$! 3K)4$! 1&1.$/1! 20.#! ,X=P;! 1)6.23($! 0-! )('$(! .)! 0/8*$/$-.! 6*))'8*30-!
'$*0-$3.0)-?!,X=P;!G,)/8:.$(!X0'$'!=$1):(7$!P-6)(/3.0)-!;&1.$/I!'$4$*)81!3-'!1:88)(.1!
(0+)():15!.$7#-)*)+073**&!3'43-7$'!+$)/3.071!1)6.23($!6)(!/3-3+0-+!183.03*!3-'!-)-9183.03*!
'3.3?! ,X=P;! 1)6.23($! 1:88)(.1! "(03-+:*3.$'! P(($+:*3(! ]$.2)(@1! 3-'! )66$(1! 3'43-7$'!
3*+)(0.#/1!6)(!T0+0.3*!"$((30-!/)'$*15!1:7#!31!0-.$(8)*3.0-+!$*$43.0)-1!6)(!+04$-!7))('0-3.$1?!




P-! )('$(! .)! 0/8()4$! .#$! 7:(($-.! 6*))'! 8($'07.0)-! 1&1.$/! 6)(! .#$! ;30-.! <)#-! =04$(5! 3! -$2!
($1$3(7#!#31!K$$-!0-0.03.$'?!;$4$(3*!8()40-703*!)(+3-013.0)-1!0-!]$2!>(:-1207@!GU/$(+$-7&!
R$31:($1!_(+3-013.0)-5!]>!T$83(./$-.!)6!U-40()-/$-.5!=04$(9S3.7#!3-'!.#$!`-04$(10.&!)6!
]$2!>(:-1207@I!#34$!K$$-!37.04$*&! 0-4)*4$'! 0-! .#01!-$2!($1$3(7#!8()\$7.! .0.*$'!aT$7010)-!
;:88)(.!6)(!H*))'!U4$-.!b($'07.0)-!3-'!R)-0.)(0-+!GHUbRIc?!!










1)0$..&*6! +)2'-(#$! A=BCD>EFG! ')! "#$0&%'! -('$#! .$/$.+! 2)#! '7$! *$H'! IJ! 7)5#+! (.)*6! '7$!
.)-$#!K(&*'!L)7*!E&/$#!M(..$4!34!"#)%$++&*6!%.&1('$!0('(,!-$('7$#!2)#$%(+'!0('(,!+*)-!0('(,!
(*0!2.)-!0('(!2#)1!(""#)H&1('$.4!NO!-('$#!.$/$.!6(56$+!&*!:$-!;#5*+-&%<8!
97$! 0$+&6*! )2! '7$! +4+'$1! (..)-+! *$(#! #$(.P'&1$! &1(6$#4! )2! (%'5(.! 2.))0! %)*0&'&)*+! ')! 3$!
)/$#.(&0!)*!'7$!3(+$!1(""&*6!(*0!$H&+'&*6!&1(6$#4,!(+!-$..!(+!)/$#.(4+!&*0&%('&*6!FOOP4$(#!







97$! 2&*(.! +)2'-(#$! "#)05%'+! (#$! &*'$6#('$0! ')6$'7$#! -&'7&*! @UEVK! +)2'-(#$! (+! +7)-*!
%)*%$"'5(..4!)*!S&65#$!T8!K$/$#(.!"#)/&*%&(.!(*0!#$+$(#%7!)#6(*&+('&)*+!&*!:$-!;#5*+-&%<!
AW*&/$#+&'4! )2! :$-! ;#5*+-&%<,! >1$#6$*%4! Q$(+5#$+! C#6(*&R('&)*,! :;! =$"(#'1$*'! )2!








0('(+$'+! +7)-+! '7('! '7$#$! (#$! #(*6$! (*0! (%%5#(%4! .&1&'('&)*+! (1)*6! '7$+$! 0('(+$'+8! V'! &+!
'7$#$2)#$!*$%$++(#4! ')! '$+'! (*0! &*'$6#('$! '7$+$!0('(+$'+! &*!)#0$#! ')!)3'(&*! (!7&67! (%%5#(%4!
=&6&'(.! >.$/('&)*!Q)0$.! 0('(8! S)#! '7&+! #$+$(#%7,! '7$! (%%5#(%4! )2! "#)/&*%&(.! $.$/('&)*! 0('(!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!





"#$!%&'()*)+&! ,$-.($!/)-0.)(1! .#$!23.$(! *$4$*15! 1.($3/! 6*)21! 3-'! 7*0/3.$!20.#! 83(.-$(!
3+$-70$15!3-'!7))('0-3.$1!3!7)9)8$(3.04$!1-)2!1:(4$&!20.#!($8)(.1!6)(!.#$!$-.0($!;30-.!<)#-!
=04$(!>310-?! "#$($! 3($! -$.2)(@1! )6! AB! 1.($3/96*)2!+3:+$15! CD!23.$(! *$4$*! +3:+$15! 3-'! EF!
7*0/3.$! 1.3.0)-1! .#():+#):.! .#$! ;30-.! <)#-! =04$(! >310-! G1$$! H0+:($! BI?! "#$! '3.3! 3($!




,)/83(01)-1!)6!8($'07.$'!3-'!37.:3*!23.$(! *$4$*!)K1$(43.0)-1!)4$(! .#$! *31.! CL!&$3(1!#34$!
1#)2-!.#3.!.#$1$!6)($731.$'!(04$(!23.$(!*$4$*1!#34$!3!MBN!7)-60'$-7$!*$4$*!)6!L5A!/?!"#:15!
.#$! #&'()*)+073*! /)'$**0-+! #31! 4$(&! +))'! 6*))'! 8($'07.0)-! 7383K0*0.0$1! GH($3'5! CMMFI?!
%)2$4$(5! .#$! 23.$(! *$4$*1! 8($'07.$'! K&! .#$! #&'()*)+073*! /)'$*! 73--).! 13.016&! .#$!
($O:0($/$-.1!)6!.#$!'$7010)-!1:88)(.!1&1.$/!6)(!6*))'!$4$-.1?!P-'$$'5!0.!01!#3('!6)(!:1$(1!.)!
'0($7.*&! '$.$(/0-$!2#07#! #):1$15! ()3'15! 3-'! 1.(:7.:($1!20**! K$! 366$7.$'! K&! .#$! 8($'07.$'!
6*))'0-+5! K$73:1$! .#$!/)'$*! -$0.#$(! '0($7.*&! '018*3&1! .#$! 3($31! 366$7.$'! K&! 6*))'0-+5! -)(!
1#)21! .#$! '066$($-7$! K$.2$$-! .2)! 6*))'! $4$-.1?! P-! )('$(! .)! )4$(7)/$! .#01! 8()K*$/5! 0.! 01!
-$7$113(&!.)! 0-.$(637$! .#$!#&'()*)+073*!/)'$**0-+!1)6.23($!20.#!3!Q$)+(38#07! P-6)(/3.0)-!
;&1.$/!GQP;I?!!
!
P-! .#$! 831.! '$73'$15! $-+0-$$(1! #34$! '$4$*)8$'!/3-&!/$.#)'1! 6)(! '$*0-$3.0-+! 6*))'8*30-!
K):-'3(0$1?! R)1.! )6! .#$1$! /$.#)'1! 3($! /3-:3*5! .$'0):15! 3-'! *3K):(90-.$-104$?! S0.#! .#$!
3'4$-.! )6! ()K:1.! 7)/8:.$(! .))*1! GQP;I! 3-'! #0+#! 377:(37&! T0+0.3*! "$((30-! R)'$*! GT"RI5!
3:.)/3.$'!6*))'8*30-!'$*0-$3.0)-!01!37#0$43K*$?!=$7$-.*&5!1$4$(3*!/3-3+$/$-.!1&1.$/1!6)(!
6*))'8*30-! '$*0-$3.0)-! #34$! K$$-! '$4$*)8$'! 3-'! 388*0$'! 0-! .#$! 6*))'! (01@! 3($31?! "#$1$!
0-7*:'$! 6*))'8*30-! '$*0-$3.0)-! :10-+! 23.$(1#$'! R)'$*0-+! ;&1.$/! GSR;I! GUR=V5! CMMWI5!
X(7YP-6)!RPZUCC[QP;!GT%P5!ALLEI5!3-'!%U,9Q$)=X;!GX7@$(/3-5!ALLBI?!P-!.#01!8()\$7.5!2$!
:1$'! 3**! )6! .#$! 3K)4$! 1&1.$/1! 20.#! ,X=P;! 1)6.23($! 0-! )('$(! .)! 0/8*$/$-.! 6*))'8*30-!
'$*0-$3.0)-?!,X=P;!G,)/8:.$(!X0'$'!=$1):(7$!P-6)(/3.0)-!;&1.$/I!'$4$*)81!3-'!1:88)(.1!
(0+)():15!.$7#-)*)+073**&!3'43-7$'!+$)/3.071!1)6.23($!6)(!/3-3+0-+!183.03*!3-'!-)-9183.03*!
'3.3?! ,X=P;! 1)6.23($! 1:88)(.1! "(03-+:*3.$'! P(($+:*3(! ]$.2)(@1! 3-'! )66$(1! 3'43-7$'!
3*+)(0.#/1!6)(!T0+0.3*!"$((30-!/)'$*15!1:7#!31!0-.$(8)*3.0-+!$*$43.0)-1!6)(!+04$-!7))('0-3.$1?!




P-! )('$(! .)! 0/8()4$! .#$! 7:(($-.! 6*))'! 8($'07.0)-! 1&1.$/! 6)(! .#$! ;30-.! <)#-! =04$(5! 3! -$2!
($1$3(7#!#31!K$$-!0-0.03.$'?!;$4$(3*!8()40-703*!)(+3-013.0)-1!0-!]$2!>(:-1207@!GU/$(+$-7&!
R$31:($1!_(+3-013.0)-5!]>!T$83(./$-.!)6!U-40()-/$-.5!=04$(9S3.7#!3-'!.#$!`-04$(10.&!)6!
]$2!>(:-1207@I!#34$!K$$-!37.04$*&! 0-4)*4$'! 0-! .#01!-$2!($1$3(7#!8()\$7.! .0.*$'!aT$7010)-!
;:88)(.!6)(!H*))'!U4$-.!b($'07.0)-!3-'!R)-0.)(0-+!GHUbRIc?!!










1)0$..&*6! +)2'-(#$! A=BCD>EFG! ')! "#$0&%'! -('$#! .$/$.+! 2)#! '7$! *$H'! IJ! 7)5#+! (.)*6! '7$!
.)-$#!K(&*'!L)7*!E&/$#!M(..$4!34!"#)%$++&*6!%.&1('$!0('(,!-$('7$#!2)#$%(+'!0('(,!+*)-!0('(,!
(*0!2.)-!0('(!2#)1!(""#)H&1('$.4!NO!-('$#!.$/$.!6(56$+!&*!:$-!;#5*+-&%<8!
97$! 0$+&6*! )2! '7$! +4+'$1! (..)-+! *$(#! #$(.P'&1$! &1(6$#4! )2! (%'5(.! 2.))0! %)*0&'&)*+! ')! 3$!
)/$#.(&0!)*!'7$!3(+$!1(""&*6!(*0!$H&+'&*6!&1(6$#4,!(+!-$..!(+!)/$#.(4+!&*0&%('&*6!FOOP4$(#!







97$! 2&*(.! +)2'-(#$! "#)05%'+! (#$! &*'$6#('$0! ')6$'7$#! -&'7&*! @UEVK! +)2'-(#$! (+! +7)-*!
%)*%$"'5(..4!)*!S&65#$!T8!K$/$#(.!"#)/&*%&(.!(*0!#$+$(#%7!)#6(*&+('&)*+!&*!:$-!;#5*+-&%<!
AW*&/$#+&'4! )2! :$-! ;#5*+-&%<,! >1$#6$*%4! Q$(+5#$+! C#6(*&R('&)*,! :;! =$"(#'1$*'! )2!








0('(+$'+! +7)-+! '7('! '7$#$! (#$! #(*6$! (*0! (%%5#(%4! .&1&'('&)*+! (1)*6! '7$+$! 0('(+$'+8! V'! &+!
'7$#$2)#$!*$%$++(#4! ')! '$+'! (*0! &*'$6#('$! '7$+$!0('(+$'+! &*!)#0$#! ')!)3'(&*! (!7&67! (%%5#(%4!
=&6&'(.! >.$/('&)*!Q)0$.! 0('(8! S)#! '7&+! #$+$(#%7,! '7$! (%%5#(%4! )2! "#)/&*%&(.! $.$/('&)*! 0('(!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!






'9"05"%'! %&'! "((5."(*! +,!:;<!$"%"2! ;&)7! 6.+('$5.'! )7! )=60'='#%'$! 8*! 57)#4!>?@AB!CAB!
%++072!-).7%0*D!/'!4'#'."%'$!"!;AE!=+$'0!,.+=!'0'9"%)+#!$"%"!F7''!-)45.'!GH2!;&'#!57)#4!%&'!
>?@AB!CAB!(+=6"."%)9'!75.,"('!"#"0*7)7!%++0D!%&'!$),,'.'#('7!8'%/''#!%&'!'0'9"%)+#7!+,!%&'!
(+#%.+0!6+)#%7!"#$! %&'! )#%'.6+0"%'$!'0'9"%)+#!+,! %&'!(+..'76+#$)#4!6+)#%7!/'.'!("0(50"%'$2!

















7#/&%(+(.#)$! @L.#7! *(! +,E3! NKKODE!?.(6! (6*! +15*)(! #0! '#F%$(! PQR! (##,$! +)1! 6.26! +77%'+7G!
;.2.(+,!"*''+.)!L#1*,!@;"LD3!+%(#/+(*1!0,##1&,+.)!1*,.)*+(.#)!.$!+76.*5+F,*!@8#/+)!*(!+,E3!
NKKCDE! M$! $6#4)! #)! A.2%'*! S3! (6*! /#$(! $.2).0.7+)(! .)&%($! 0#'! +%(#/+(*1! 0,##1&,+.)!
1*,.)*+(.#)N!+'*! (6*! ;"L! @$**! A.2%'*! OD! +)1! (6*! 4+(*'! ,*5*,$! #)! (6*! $*7(.#)$! $6#4)! #)!









(6*!#F(+.)*1! 0,##1!1*&(6!1+(+3! (6*! 0,##1&,+.)!*T(*)(!+)1!1*&(6!/+&$! 7+)!F*!2*)*'+(*1E!"6*!
.)(*'/*1.+(*!&+'($!#0!(6*!&'#7*$$!.)5#,5*!2*#-'*0*'*)7.)2!(6*!4+(*'!,*5*,$3!*T(*)1.)2!(6*!4+(*'!
,*5*,$! (#! (6*! &'#F+F,*! 0,##1&,+.)! +'*+3! +)1! 7'*+(.)2! +! "Q8! #0! (6*!4+(*'! $%'0+7*E! IM>QR!PQR!
+,,#4$! %$*'$! (#! 7'*+(*! +)! .''*2%,+'! "Q8! #'! '*2%,+'! 2'.1! ;"L3! (#! 7+,7%,+(*! (6*! +77%'+(*,G!
1.00*'*)7*$!F*(4**)!(4#!"Q8$!#'!'*2%,+'!2'.1!;"L$3!(#!.)(*'&#,+(*!7#)(#%'$!%$.)2!+!;"L3!+)1!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!





'9"05"%'! %&'! "((5."(*! +,!:;<!$"%"2! ;&)7! 6.+('$5.'! )7! )=60'='#%'$! 8*! 57)#4!>?@AB!CAB!
%++072!-).7%0*D!/'!4'#'."%'$!"!;AE!=+$'0!,.+=!'0'9"%)+#!$"%"!F7''!-)45.'!GH2!;&'#!57)#4!%&'!
>?@AB!CAB!(+=6"."%)9'!75.,"('!"#"0*7)7!%++0D!%&'!$),,'.'#('7!8'%/''#!%&'!'0'9"%)+#7!+,!%&'!
(+#%.+0!6+)#%7!"#$! %&'! )#%'.6+0"%'$!'0'9"%)+#!+,! %&'!(+..'76+#$)#4!6+)#%7!/'.'!("0(50"%'$2!

















7#/&%(+(.#)$! @L.#7! *(! +,E3! NKKODE!?.(6! (6*! +15*)(! #0! '#F%$(! PQR! (##,$! +)1! 6.26! +77%'+7G!
;.2.(+,!"*''+.)!L#1*,!@;"LD3!+%(#/+(*1!0,##1&,+.)!1*,.)*+(.#)!.$!+76.*5+F,*!@8#/+)!*(!+,E3!
NKKCDE! M$! $6#4)! #)! A.2%'*! S3! (6*! /#$(! $.2).0.7+)(! .)&%($! 0#'! +%(#/+(*1! 0,##1&,+.)!
1*,.)*+(.#)N!+'*! (6*! ;"L! @$**! A.2%'*! OD! +)1! (6*! 4+(*'! ,*5*,$! #)! (6*! $*7(.#)$! $6#4)! #)!









(6*!#F(+.)*1! 0,##1!1*&(6!1+(+3! (6*! 0,##1&,+.)!*T(*)(!+)1!1*&(6!/+&$! 7+)!F*!2*)*'+(*1E!"6*!
.)(*'/*1.+(*!&+'($!#0!(6*!&'#7*$$!.)5#,5*!2*#-'*0*'*)7.)2!(6*!4+(*'!,*5*,$3!*T(*)1.)2!(6*!4+(*'!
,*5*,$! (#! (6*! &'#F+F,*! 0,##1&,+.)! +'*+3! +)1! 7'*+(.)2! +! "Q8! #0! (6*!4+(*'! $%'0+7*E! IM>QR!PQR!
+,,#4$! %$*'$! (#! 7'*+(*! +)! .''*2%,+'! "Q8! #'! '*2%,+'! 2'.1! ;"L3! (#! 7+,7%,+(*! (6*! +77%'+(*,G!
1.00*'*)7*$!F*(4**)!(4#!"Q8$!#'!'*2%,+'!2'.1!;"L$3!(#!.)(*'&#,+(*!7#)(#%'$!%$.)2!+!;"L3!+)1!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!













);,! ?#1&";)%1,$!-,()01)*! ,$2,&! ?#;;,&'#1$%12! "#! ?;#&&! &,?"%#1&!:+%(,! "+,! "+%1! ,$2,&! );,!
-,()01)*!,$2,&!"+)"!$#!1#"!?#;;,&'#1$!"#!?;#&&!&,?"%#1&I!
!
"#$%&! '()*+,-.! /-(012.'! ,3! .)).4*10.! '/,*1,5! ,3,56'1'! *((5! *7,*! 4,5485,*.'! )5((2/5,13!
2.513.,*1(3! ,32! ),4151*,*.'! *7.! 9,//13:! ()! )5((2! .0.3*';! #'! ,3! .<,9/5.! ()! )5((2/5,13!
2.513.,*1(3=!>1:8-.!??!'7(+'!*7.!4-(''@'.4*1(3'!8'.2!)(-!*7.!)5((213:!.0.3*!*7,*!*((A!/5,4.!13!
*7.!&/-13:!()!?BCD;!>1:8-.!?E!'7(+'!*7.!4(3'*-,13.2!F.5,83,6!*-1,3:85,*1(3!G'..!GHA,I.!.*!
,5;=!EJJJK! )(-!,3! 13*-(284*1(3!*(!4(3'*-,13.2!F.5,83,6! *-1,3:85,*1(3'K!8'.2! *(!4(9/8*.! *7.!
+,*.-! '8-),4.;! L7.! )5((2!/5,13! 1'! 4(9/8*.2! I6! 13*.-/(5,*13:! 513.,-56! .5.0,*1(3'! ,32! )5((2!

























);,! ?#1&";)%1,$!-,()01)*! ,$2,&! ?#;;,&'#1$%12! "#! ?;#&&! &,?"%#1&!:+%(,! "+,! "+%1! ,$2,&! );,!
-,()01)*!,$2,&!"+)"!$#!1#"!?#;;,&'#1$!"#!?;#&&!&,?"%#1&I!
!
"#$%&! '()*+,-.! /-(012.'! ,3! .)).4*10.! '/,*1,5! ,3,56'1'! *((5! *7,*! 4,5485,*.'! )5((2/5,13!
2.513.,*1(3! ,32! ),4151*,*.'! *7.! 9,//13:! ()! )5((2! .0.3*';! #'! ,3! .<,9/5.! ()! )5((2/5,13!
2.513.,*1(3=!>1:8-.!??!'7(+'!*7.!4-(''@'.4*1(3'!8'.2!)(-!*7.!)5((213:!.0.3*!*7,*!*((A!/5,4.!13!
*7.!&/-13:!()!?BCD;!>1:8-.!?E!'7(+'!*7.!4(3'*-,13.2!F.5,83,6!*-1,3:85,*1(3!G'..!GHA,I.!.*!
,5;=!EJJJK! )(-!,3! 13*-(284*1(3!*(!4(3'*-,13.2!F.5,83,6! *-1,3:85,*1(3'K!8'.2! *(!4(9/8*.! *7.!
+,*.-! '8-),4.;! L7.! )5((2!/5,13! 1'! 4(9/8*.2! I6! 13*.-/(5,*13:! 513.,-56! .5.0,*1(3'! ,32! )5((2!






















67)! -/),/! *#;;! 8)! 58;)! 6:! )5/#;F! ;:056)! 67)#,! 5,)5! :9! #.6),)/6%! ?7)! *)8! /#6)! 5;;:*/! :.)! 6:!







7-8! 98:;<=>! #,+8/3108! #*! 12*.! 48*#$,84! +.! 0120?21+8! +-8! 32..4! 6.2@$.,! .3! 0?//8,+! 1,4!
6/84#0+84!32..4!621#,*!1,4!4#*621@!+-85!1*!6/84#0+#.,!516*!A,8)+!BC!-.?/*!1,4!CD!-.?/*!;!
*88!"#$?/8!&EF%!(10-!21@8/!.3!+-8!G8:!516!#*!*861/1+8H!122.G#,$!+-8!.I8/21@!1,4!I#*?12#J1+#.,!













67)! -/),/! *#;;! 8)! 58;)! 6:! )5/#;F! ;:056)! 67)#,! 5,)5! :9! #.6),)/6%! ?7)! *)8! /#6)! 5;;:*/! :.)! 6:!







7-8! 98:;<=>! #,+8/3108! #*! 12*.! 48*#$,84! +.! 0120?21+8! +-8! 32..4! 6.2@$.,! .3! 0?//8,+! 1,4!
6/84#0+84!32..4!621#,*!1,4!4#*621@!+-85!1*!6/84#0+#.,!516*!A,8)+!BC!-.?/*!1,4!CD!-.?/*!;!
*88!"#$?/8!&EF%!(10-!21@8/!.3!+-8!G8:!516!#*!*861/1+8H!122.G#,$!+-8!.I8/21@!1,4!I#*?12#J1+#.,!














"#! $%&&%'! ()*%'+&,)*! &-%! +.'%,*! ,)*! &-%! /0.,1&! #2! 23##*+4! &-%! &-'%%5*/0%)+/#),3!
6/+(,3/7,&/#)!#2! &-%! 23##*!#2! &-%! 8.'/)9! #2! :;<=!>,+! /0.3%0%)&%*! ?+%%! @/9('%+! :<! ,)*! :AB!
(+/)9!CD8=E=!+#2&>,'%F!
C&!,33#>+!(+%'+! &#!6/+(,3/7%! &-%!0,G#'! 23##*!%6%)&! &-,&!-,..%)%*! /)! &-%!8.'/)9!#2!:;<=!6/,!
H23I5&-'#(9-J! ,)/0,&/#)F! C)! &-/+! ,..3/1,&/#)! &-%! ,*6,)1%*! +#2&>,'%! ?2'#0! C)&%',1&/6%!








$,+/+! 2#'!%,'3I!>,')/)9!,)*!0,../)9!#2! 23##*!*/+,+&%'+F!"-%!9%)%',3!.($3/1! 1,)!,11%++! &-%!
>%$! +/&%! ,)*!$'#>+%! &-%! /)2#'0,&/#)! /)! &-%/'! ,'%,! #2! /)&%'%+&F! "-%I! 1,)! ,3+#! 6/+(,3/7%! &-%!
/0.,1&!#2!&-%!23##*!%6%)&+!#)!&-%!,'%,!>-%'%!&-%I!3/6%F!
"-/+! '%+%,'1-! .,.%'! .'%+%)&+! &-%! /)&%9',&/#)! #2! &-%! ENOLKP! -I*',(3/1! 0#*%3! >/&-! &-%!
QRPC8!SC8!+I+&%0!&#!*I),0/1,33I!1#0.(&%!,)*!*/+.3,I!)%,'5'%,35&/0%!23##*!>,')/)9!/)!&-%!
3#>%'!8,/)&! T#-)!P/6%'!6,33%IF!"-%!0,/)!.-,+%+! #2!*%6%3#.0%)&! ,)*! /0.3%0%)&,&/#)!#2! ,!
>%$5$,+%*!SC8!+#2&>,'%!2#'!23##*!0#)/&#'/)9!,)*!.'%*/1&/#)!,'%!.'%+%)&%*!,+!>%33F!!
N/&-!+,&%33/&%!/0,9%'I!,)*!,!*/9/&,3!%3%6,&/#)!0#*%3!#2!&-%!23##*!.3,/)!,'%,4!>%!1,)!,11%++!,!
>%$5$,+%*!.'%*/1&/#)! &-,&!0#*%3+! 1(''%)&! 23##*!%6%)&+4!,)*! &-,&! 1,)!+-#>!-#>!&-%!>,&%'!
.'#9'%++%+!$,+%*!#)! &-%!#(&.(&! 2'#0!-I*'#3#9/1,3!0#*%33/)9! 2#'! &-%!)%U&!VW!,)*!WA!-#('+!
,3#)9!&-%!3#>%'!8,/)&!T#-)!P/6%'!D,33%IF!!
"-/+!'%+%,'1-!.'#6/*%+!&-%!2#()*,&/#)!2#'!,!'%6/+%*!*%1/+/#)!+(..#'&!+I+&%0!&-,&!1,)!'%+(3&!
/)! /0.'#6%0%)&+! /)! &-%!.'%6%)&/#)4!0/&/9,&/#)4! '%+.#)+%4! ,)*! '%1#6%'I! 2'#0! 23##*! %6%)&+!
,3#)9!&-%!3#>%'!8,/)&!T#-)!P/6%'F!










Z%>! ['()+>/1Y! E%.,'&0%)&! #2! K)6/'#)0%)&! -,+! .'#6/*%*! *,&,! ,)*! %U.%'&/+%! '%3,&%*! &#!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!
= !"-%! +#2&>,'%! ?CD8=EB! -,+! $%%)! *%6%3#.%*! &#! ,33#>! &-%! (+%'+! &#! %U.3#'%4! ,),3I7%4!
0,)/.(3,&%! ,)*! 9,/)! Y)#>3%*9%! 2'#0! &-%/'! *,&,! $I! '%.'%+%)&/)9! 6%'I! 3,'9%! 1#0.3%U!
/)2#'0,&/#)! /)! &-%! $%+&! .#++/$3%! >,I! 5! /)! ,)! /)&(/&/6%! 2,+-/#)! 5! /)! &-%! >,I! &-,&! >%!
.%'1%/6%! &-%! '%,3!>#'3*! %6%'I*,IF! "-/+! 6/'&(,3! '%,3/&I! ,33#>+!)%>! /)+/9-&! &#! $%! ',./*3I!











"#! $%&&%'! ()*%'+&,)*! &-%! +.'%,*! ,)*! &-%! /0.,1&! #2! 23##*+4! &-%! &-'%%5*/0%)+/#),3!
6/+(,3/7,&/#)!#2! &-%! 23##*!#2! &-%! 8.'/)9! #2! :;<=!>,+! /0.3%0%)&%*! ?+%%! @/9('%+! :<! ,)*! :AB!
(+/)9!CD8=E=!+#2&>,'%F!
C&!,33#>+!(+%'+! &#!6/+(,3/7%! &-%!0,G#'! 23##*!%6%)&! &-,&!-,..%)%*! /)! &-%!8.'/)9!#2!:;<=!6/,!
H23I5&-'#(9-J! ,)/0,&/#)F! C)! &-/+! ,..3/1,&/#)! &-%! ,*6,)1%*! +#2&>,'%! ?2'#0! C)&%',1&/6%!








$,+/+! 2#'!%,'3I!>,')/)9!,)*!0,../)9!#2! 23##*!*/+,+&%'+F!"-%!9%)%',3!.($3/1! 1,)!,11%++! &-%!
>%$! +/&%! ,)*!$'#>+%! &-%! /)2#'0,&/#)! /)! &-%/'! ,'%,! #2! /)&%'%+&F! "-%I! 1,)! ,3+#! 6/+(,3/7%! &-%!
/0.,1&!#2!&-%!23##*!%6%)&+!#)!&-%!,'%,!>-%'%!&-%I!3/6%F!
"-/+! '%+%,'1-! .,.%'! .'%+%)&+! &-%! /)&%9',&/#)! #2! &-%! ENOLKP! -I*',(3/1! 0#*%3! >/&-! &-%!
QRPC8!SC8!+I+&%0!&#!*I),0/1,33I!1#0.(&%!,)*!*/+.3,I!)%,'5'%,35&/0%!23##*!>,')/)9!/)!&-%!
3#>%'!8,/)&! T#-)!P/6%'!6,33%IF!"-%!0,/)!.-,+%+! #2!*%6%3#.0%)&! ,)*! /0.3%0%)&,&/#)!#2! ,!
>%$5$,+%*!SC8!+#2&>,'%!2#'!23##*!0#)/&#'/)9!,)*!.'%*/1&/#)!,'%!.'%+%)&%*!,+!>%33F!!
N/&-!+,&%33/&%!/0,9%'I!,)*!,!*/9/&,3!%3%6,&/#)!0#*%3!#2!&-%!23##*!.3,/)!,'%,4!>%!1,)!,11%++!,!
>%$5$,+%*!.'%*/1&/#)! &-,&!0#*%3+! 1(''%)&! 23##*!%6%)&+4!,)*! &-,&! 1,)!+-#>!-#>!&-%!>,&%'!
.'#9'%++%+!$,+%*!#)! &-%!#(&.(&! 2'#0!-I*'#3#9/1,3!0#*%33/)9! 2#'! &-%!)%U&!VW!,)*!WA!-#('+!
,3#)9!&-%!3#>%'!8,/)&!T#-)!P/6%'!D,33%IF!!
"-/+!'%+%,'1-!.'#6/*%+!&-%!2#()*,&/#)!2#'!,!'%6/+%*!*%1/+/#)!+(..#'&!+I+&%0!&-,&!1,)!'%+(3&!
/)! /0.'#6%0%)&+! /)! &-%!.'%6%)&/#)4!0/&/9,&/#)4! '%+.#)+%4! ,)*! '%1#6%'I! 2'#0! 23##*! %6%)&+!
,3#)9!&-%!3#>%'!8,/)&!T#-)!P/6%'F!










Z%>! ['()+>/1Y! E%.,'&0%)&! #2! K)6/'#)0%)&! -,+! .'#6/*%*! *,&,! ,)*! %U.%'&/+%! '%3,&%*! &#!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!
= !"-%! +#2&>,'%! ?CD8=EB! -,+! $%%)! *%6%3#.%*! &#! ,33#>! &-%! (+%'+! &#! %U.3#'%4! ,),3I7%4!
0,)/.(3,&%! ,)*! 9,/)! Y)#>3%*9%! 2'#0! &-%/'! *,&,! $I! '%.'%+%)&/)9! 6%'I! 3,'9%! 1#0.3%U!
/)2#'0,&/#)! /)! &-%! $%+&! .#++/$3%! >,I! 5! /)! ,)! /)&(/&/6%! 2,+-/#)! 5! /)! &-%! >,I! &-,&! >%!
.%'1%/6%! &-%! '%,3!>#'3*! %6%'I*,IF! "-/+! 6/'&(,3! '%,3/&I! ,33#>+!)%>! /)+/9-&! &#! $%! ',./*3I!




"#$%&'&()*+'!,&$-'').(/! +.$! 0"-!12!3,-%(-.*#!4-+56%-5!7%(+.)8+0)&.!"-'9-$!:)0"! 0"-)%!
-;9-%0)5-!+.$!+$$)0)&.+'!<6.$).(!<&%!0")5!9%&=-*0>!?@ABC!9%&D)$-$!0"-!EBC!5&<0:+%-!65-$!).!
0")5!9%&=-*0!+.$!*&.0%)F60-$!0&!0"-!%-5-+%*"!9%&=-*0!F#!9%&D)$).(!0"-!),9'-,-.0+0)&.!&<!0"-!




@*I-%,+./! ?>J>! KLMMNO>! !"#$%&'()*+, %-*, .''/0, 1'2, 0344'25, '1, !"#$()*, 30678, )29%-*>!
A-$'+.$5P!3CAB/!LMQ!9+(-5>!!
@'RC+F"+./!S>/!!46'')(+./!4>!T!2'+*IF6%.!E>@>!KLMMUO>!@!%-+'R0),-!"#$%&'&()*+'!,&$-'!<&%!
<'&&$! 9%-$)*0)&.! 65).(! EBC! +.$! 0"-! SSS>! #':435&20;, "7<62'7:&75, =7>, ?2@=7,
*A05&:0/!H&'>!LV/!99>!WRUL>!
?+.+$+! B.'+.$!S+0-%5! X)%-*0&%+0-/! @0'+.0)*! A-()&.! Y?BSXZ>! K[WVQO>!B&C,D2370C69E, F/''>/!
@9%)'R4+#/![WVU/!700+:+P!B.'+.$!S+0-%5!X)%-*0&%+0-/!@0'+.0)*!A-()&./![[Q!9+(-5>!!
X+.)5"!\#$%+6')*!B.50)060-!YX\BZ>!KLMMQO>!G-H"II,%-*,2&1&2&79&,=7>,30&2,:=73=/J,,
3.D)%&.,-.0+'! 4&$-').(! A-5-+%*"! ]+F&%+0&%#! Y34A]Z>! K[WW^O>!K=5&20L&>, :'>&/678, 0A05&:,
MKG*N,2&1&2&79&,:=73=/,=7>,535'26=/>!
G%-+$/! X>]>! K[WWLO>! F/'C,('35678;, #L=45&2, IO;,!=7>@''E, '1,!A>2'/'8A>! K3$>! 3>A>! 4+)$,-.0O>!
1-:!_&%IP!4*E%+:R\)''>!99>![M>[R[M>U`>!!
G%-+$/!X>]>! K[WWUO>!1SC!G]XS@H!4&$-'P! J"-!A-9'+*-,-.0! &<!X@42Aa! <&%!X+,R2%-+I!
G'&&$!b%-$)*0)&.>!X+,!C+<-0#cWU/!P2'9&&>6780,'1, 5L&,IO5L,)773=/,)*Q*R,#'71&2&79&/!
a+.5+5!?)0#/!4)55&6%)/!99>![VVR[^Q>!!
G%-+$/!X>]>/! T! ]-:)5/! d>4>! K[WW^O>!BK*,FSQK)T,GRQ"SU!.L&'2&569=/, >&0926456'7, =7>,?0&2,
>'93:&75=56'7J! \#$%&'&()*! A-5-+%*"! ]+F&%+0&%#/! 7<<)*-! &<! \#$%&'&(#/! 1+0)&.+'!
S-+0"-%!C-%D)*-!K1SCO/!C)'D-%!C9%).(/!4+%#'+.$/!eC@/!UUN!9+(-5>!!
3.D)%&.,-.0!1-:!2%6.5:)*I!T!4+*]+%-.!@0'+.0)*!]),)0-$/!1-:!2%6.5:)*I!Y312R4@]Z>!
K[WVWO>! #=7=>=$B&C, D2370C69E, F/''>, Q=:=8&, (&>3956'7, P2'82=:U, !A>2'5&9L769=/,







1&,+./! 1>C>/! 1-'5&./! 3>d>/! T>! f6.$-'/! @>a>! KLMM[O>! A-D)-:! &<! +60&,+0-$! <'&&$9'+).!
$-').-+0)&.! <%&,! $)()0+'! 0-%%+).! ,&$-'5>! V'327=/, '1, K=5&2, (&0'329&0, P/=77678, =7>,
G=7=8&:&75;,H&'>,![LV/!1&>!`/!99>!UWQRQML>!!
1&,+./! 1>C>/! 1-'5&./! 3>d>/! T! f6.$-'/! @>a>! KLMMUO>! B,9%&D-$! b%&*-55! <&%! G'&&$9'+).!
X-').-+0)&.! <%&,! X)()0+'! J-%%+).! 4&$-'5>! V'327=/, '1,K=5&2, (&0'329&0, P/=77678, =7>,
G=7=8&:&75/!H&'>![LW/!1&>!N/!99>!QLVRQU`>!
7I+F-/! @>/! 2&&05/! 2>/! C6()"+%+/! a>/! T! ?")6/! C>1>! KLMMMO>! *4=56=/,.&00&//=56'70, $,#'79&450, =7>,
)44/69=56'70,'1,T'2'7'6,Q6=82=:0>!KL.$!-$>O>!?")*"-50-%P!d&".!S)'-#>!`V[!9+(-5>!
C+.$-%5/!A>/!C"+:/!G>/!4+*a+#/!\>/!E+'#/!\>/!T!G&&0-/!4>!KLMMNO>!1+0)&.+'!<'&&$!,&$-').(!<&%!
).56%+.*-!96%9&5-5P!65).(!BGC@A!<&%!<'&&$!%)5I!-50),+0)&.!).!36%&9-/!!A>2'/'8A,=7>,
"=25L,*A05&:,*96&79&0>!H&'>,,W/!1&>!Q/!99>!QQWRQN`>! ! !
!
